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. SUMMARY

Spin tests heve been performed in the Langley 20-foot
free-spinning tunnel on a 0.059-scale model of the
Curtiss-Wright XP-55 alrplens. For the tests, the model
was modifiea as recommended by the NACA to Improve the
longitudinal-trim charscteristics by installing a large
elevator with increased derlections and large wing tips
with extensions to the wing-tip trimmers.

The spins were oscillatory in pltch snd roll at a
large average angle of attack and reversal of the rudders
fully and rapidly stopped the roteaetion. After the rotation
stopped, the model nosed down into a dive when the stilck
was forward or free longitudinelly for erect sapins and
when the stick was back or free longitudinally for inverted
spins,.

INTRODUCTION

As requested by the Alr Technilcal Service Command,
Army Air Forces, a 0.059-scale model of the XP-55 alr-
plene was tested in the Langley 1l5-foot free-suimning
tunnel to determine modlificetions in alrnlane design whlch
would prevent the airplane from trimming at flat attitudes.
The XP-55 1ls a low-wing, canard-type, pusher airplane
with a large emount of sweepback in the wing. The pos-~
sibllity of attaining trim at either large negatlve or
lasrge positive angles of attack with this airplane was
previously indiceted by spin tests of a model of the
Curtiss-Wright 2-B airplene - a light-weight, full-scsle,
flying mock-up of the XP-55 airplane. Tho madel of
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the XP=55 was modified to-include modifiocations which
prevented trim at flat attitudes as determined by the
longl tudinal-trim tests and as recommended in reference 1,
and was then tested in the Langley 20-foot free-splinning
tunnel to determine whether the modlfied -model had satis=-
factory spin and recovery characterlstics. The results of
the spin tests are presented herein.

The erect-spln characterlstics of tha molul In ths
clesn condition were determined for the normel loading
and for verilous loading conditlons. The sffects  of
extending the flaps snd landing gear both individuelly
and together were investigated for the normal losding.

The Inverted-spin characteristlics of the model were
determined for the clean condition, normal loading. Tests
were also performed for the clean condition, normal
losding, to determine the effect on the =s2in and recovery
characteristics of linking the extensions of the wing- -
tip trimmers with the elevator, rudders, or aillerons.

S¥Y1IBOLS

b wing sﬁan, feeot.

S wing area, square feet

c wing or elevator chord

) meen aerodynamic chord, feet

x/c retio of distance of center of gravity
rearward of leading edze of mean
serodynamlc chord to mesn asroldynamic
chord

z/c : retio of distance between conter of gravity

and fuselage refersnce lins To mean
gerodynanic chord (nositive.when center
of gravity is below lfusel=zgz reference
line) - - - : . :

m : mass of alrplane, slups
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relative density of alrplane

Z .body axes, respectively, slug—feet2

k= 536

Ix, Iy, Iz  moments of inertid dbout X, Y, and
Ix - Iy .

s inertia yawlng-moment parameter

mb
?Ym;zxz inertia rolling-moment parameter‘
Iz - Ix inertia pitching-moment parameter
mb® _ _ -
p - "~ alr denslty, slug per cublc foot
a angle between fuselage reference line and
vertical (approximately equal to absolute
value of angle of attack at plane of
symmetry), degrees
¢ angle between svan axls and horizontal,
. degrees
v - full-scale true rate of descent, feet per
second
Q full~scale angular veloclity about =pin
exls, revolutions per second
o] hellx angle, angle between flirht path

and vertical, derrees (For this model,
the average absolute value of the helix
angle was approximately 3°.)

) epproximate angle of sidesllp at center of
gravity, degrees (Sideslip is-inward
when Inner wing is down by an amount
greater than the helix angle.)

APPARATUS AWD METHODS3
Model

The 0.059~scale model of the XP~55 alrplane modifled
as a result of the longltudinal-trim tests reported in
reference 1 was used for the spin tests. A three-view
drawing of the model as tested 1s shown as figure 1. The
modificntions to the model were as follows:
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(a) Rem?val of)the 1eading-edge wing-root spoilers
fig. 2).

(b) Removal of the original (small) elevator and
%nstall?tion -of the alternate (large) elevator
fig. 3

(c) Increase in the elevator deflection from trailigg
edge 17° down and 60° up to trailing edge 60
down and 60° up.

{d) Removal of the original (small) wing tips and
instellatlion of the alternate (large) wing
tips (fig. 4).

(6) Installation of 5/8-inch (model-scale) extenslons
of the wing-tip trimmers (fig. 5).

Photographs of the original model (small elevator, small
wing tips, and without the extenslons of the wing-tip
trimmers) 1in the clean and landing conditlions are shown
in figure 6.

The dimensional characteristlics of the airplane with
the origlinal and with the alternate elevator, and with
the original and with the alternate wing tips are given
in table I. :

The model was tallasted to naintain dynamic simllerity
to the airplane at an altitude of 10,00C feet (p = C.001756
slug per cubic foot). When the landinr gear and split
flaps were installed, small ballaat weirhts were moved to
new locatlons so that the mass dlstrinution of the model
would represent the mass distribution of the airplane in
the landing condition. A remots-control mechanism was
installed in the model to actuate the controls for recovery
attempts. The moments exerted on the control surfaces
were sufficient to reverse the controls fully and rapldly.
The propeller was not simulated on the XP-55 model inasmuch
as tests wilth a model of the Curtiss-Wrisht 24-B ailrplane
showed that a freely rotating proveller would heve 1ittle
offect on the spln characteristics of the model,

The elevator was mass-balanced when the tests were
started. Because of the difficulty of testling the model
with the mass-balance welghts installed and because the
results obtained from preliminary teats with and without
mags-balance welghts inatalled were simllar, the mass
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welghts were removed early in the test program. The maln
portion of the tests were therefore performeé without
mass balance on the elewvator.

Wind Tunnel and Testing Techniaue

The tests were performed in the Langley 20-foot free-
splnning tunnel, the opsratlion of wi*lich 1s fensrally -
similar to that describved In reference 2 for the 15-foot
free-spinning tunnel except that the model-launching
technique has heen changed from launching with a spindle
to launching by hand with spinning rotation. Hethods
of obtaining spln-teat .data and of converting there data
to the corresponding full-scale values presented on the
charts are also cescribed in reference 2.

Spin~-tunnel tests were jperiormed Lo delermaine tre
gpin ané recovery charccteristice of the model for the
normal control cornfiruration for spinning (stlcs full back
longitudinally arc¢ neutral laterelly, and rudders full with
the spin) ané for wvarfous oilker stick deillection combl-
netions including neutrel wnd maxdmum feflectione of the
stick for various model loadin~s and cornfirurations. The
turns for recovery were meacursl Ifroin the tire the contrecls
are moved to the timo the rnin 1 Otaaan Ceores; based
primarily on the loss of altitude of the airmnlane during
tke recovery and subsecsusent dive, tre criterion for a
satlsfzctory recovery from a spin for the model has been
adopted as 2 turne or lees. e patih rollowed by the
fuselage raference lilne after the rotation ceased is also
shown on the charts. For tle conditions in which the model
gstopped splimning without control moveuent when launched in
& spinning attitude with the rudders set with the rotation,
the motion of the model after the gpin rotation stopped
18 described and the resulia are recorded on the chart as
"o spin.’

Tests were also perforrmed to cetermine the effect
of linking the extensions of the wing-tip trimmers with
the aillerons, elevator, or rulicer. Inasrmuch as the ailerons
or elevetor vere not moved (excent for elevator-free tests)
during anv indivicdral test, the exteneions were not
actually 1inked with the ailerons or with tiie elevator but
were fixed at neutral, up, or Jdown cepending upon the
deflection of the a*lorons or elevator. No arrangement
was made for tests with a free clevator 1inked vlth free
extensions of the wing-tip trissaers. 'The extensions were
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linked with the rudders, however, and moved with them when
they were reversed for recovery.

PRECISIOI

The results rresented were meamred within the fol-
lowing llimits:

@y, ASTEB « o « o & 4 s s o o o a2 o 8 s s e e 0. . 11
B, ABETEE + &+ + o o 4 =+ s o o o s s s o s s o s e o . *1
Vy, percent .+ o o o & &+ o o 5 2 4 5 s s s o « « s « o« 15
N, percent © e s s e s e e 8 e e 8 4 e s e s s e o 3
when obtzined froii1 motion-

pilcture record, turn . . + . . . i%
wen obtaincd from visual 1
estinate, turn . . . . . . . . . B

Turns for reccovery

Hany o the spins had renld cscillaticne of large
megnitude in plteh ané roll. Inasmuch z< the spin-
tunnel records permlt ready meazuremsnt o the angles
of attack and pvank for only every half revolutilon, 1t
aprears nrobable ti-at the magnitude of the orzillations
in »itch and roll durlnes the gpin mevw ave been somewhat
lerrer than that Inficzted orn the clharts.

Comparl=on beiween e ¢vin resalts of rmodels and
airnl~rnes (references 2 enc %) Iindlcates That zpin-tunnel
resulte are not ulvays in conplete agreement with alrplane
gpin results. In -~eneral, the m2celay spun at a somewvhat
srmaller angle of ettucls, waith a omewl:at higlier raste of
descent, anc with 5° to 100 rore cutward sicdeslin than did
the airplanecr. The comparison m&ce in reference % shoved
that B8C vnercent of the modcl) »ecovery tezts predicted
satisfactorily the corregnonding azirplene recovery char=-
acterictics znc thet 10 porcent overeztimated and 10 nercent
undgerastinmated the airplane recovery characterlstics.

“ecause of inadvertent cdamase to thic mcel during the
gi.in teste, the wei~ht snd maes “istidbutlon of the model
varled from the true scaled-iown s&luct within tie following
linmitse .
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Welght, percent . . . . « ¢ o s ¢« o s s » 0 low2 high
Center-of-gravity 1ooation, percent ¢ . . . 0O forward to
2 rearward
of normal
Moments {Iyx, percent . . . . « . . « 2 low,33 high
of Iy, percent . . . « . .« . « 1 low, 11 high
inertia |Iz, percent . . . . +« . . . &« « 1 hlgh 23 high

The limits of accuracy of the measurerents of the
mass characteristics were a=z follows:

Weight, porcent . . . . . T |
Center-of-gravity 1oeation, percenb P <
Ix, percent
IV, P6TCONE P« ¢ o v + s o o o + o s s o s » s o« o+ 2 ¥5
Iz, percent

The controls were sot with an accuracy of *1°,
TEST CONDITIONS

Spln testas were perforﬂe for the conAltlions of the
model llsted in tahlec TI., The relues oi the correvannaing
ma.se characteristica and of ti:e Inertia pararebers Tor the
niodel as tested are presented in tablc III. The mose
characteristice and incrtia parametsrs for the normal loading
end the mazimum porsitle 1oadln ¢zan” es from the normal
loading on the airvlane cre rchown in table IV, In addition,
the inertia parameters for hoth the model and airplane have
been nlotted on firure 7.

The mazimum control deflcctions used for the snin
tests verc:

Right rudder, degrees .
Left rudder, degrees .
Elevator, degrees . . .
Elevator tab, degrees .

s o « 40 right, 11 left

» o «+ 11 right, 40 left

« ¢+ « o« 60 up 60 down
25 down when elevator
was GO0 up

Q0 v:en elevator was O
25 up whon elevator
wag G0 down

0 when clevetor was
free
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Allerons, degrees
Wwhen flaps were neutral » s s e« s o s o = R8 unp 9 down
When {lapes were 459 Gown . + « + & ¢ o o o 38 up, 1 up
Flaps, de[’rees [ - [ ] [ [ ] [ ] [] [} . [ ] ] L] [ . » L) [ ] 45 dov.’n
FIing-tip trimer$, desrees [] - L) ° [} . [} [) [} [ ] ] . [] [ ] O
Lxtensions of wing-tip trimrere, cefmrces
“hen l'nked with the allerons . . 28 ur vhen adfacent
ailcren weas 28 wp
J down when ac {..cent
aileron wes 9 ¢own
“ien linlred 'ritk the elevator . « « both 3C éown vhen
elevator was 60
UP
Loth 0 hen slewier
wasg O
both 20 up -rfen
elevator vas 63
cown
Taen linked ith thic rudders
Lxtenslon of right ving-
tio tri=qier .« + 4 ¢« ¢ ¢« » 40 up hen ricrht rudder
nas 40 richt
11 dovwn ven richt
rudicer ..as 11 left
Extension of lelt wing-
tiz trilmmer . . « + . .+ . 11 dcwn when left rudder
mdae 11 rirht
40 up lien left rudder
vog 40 left

The elevator on tre «irylona ia connected wltnr the
sticlk in such 2 meanver thet trhe trz:ling ecGre of tre
elevator moves up vhen the stic =3ver forvard, This
elevator moversnt with stici- nowrerent is opooesite to that
for conveantional alrplanes. Ths aticir movement to climb
or dive, however, 1z tle sare o= that for conventiosnal
alrplanes, trat 1lg, the 2ticz is pushed for ard to dive and
s pulled rcarward to climb. aslthough tiere «wear no ztick
In the model, elevator delflectione and movements are
generally rcferred to herein 1n teras of ~tic!: location
and moverzent in orisr to evold confusion.

Turiations in mase Sdlsgtridution and casnter-of-gravity
location were made for the clcan coniizion (1anLir" Tear
retracted anc flepe neutral), in order to allow for the
limits of accuracy of the compubed airr~lans and mocel values
end also tn a&llow for a possible rearrangerent of loading
that migint lead to & spinnine concition from =l:lci rscovery
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might be slower than for thc normal _loading. In an
attempt to show only the effect of a single change at one
time, the welght and center-of-gravity location of the-
model werc held approximately constant when the mass
distrlibution of the model was changed. Simlilarly, the
welght and mass ‘distribution of the model around the
normal center-of-gravity location were held approxl=
mately constant when the center-of-gravity location was
changed. :

Teyts were performed only for the normal loading when
the model was In the landing conditjon (flaps deflected
25° down, ellerons deflected 10° up for trim, and tricycle
landing gear installed).

RESULTS AND DISCUSSION

A key to the results presented and a 1list of the
footnotes used on the subsequent charts are given on
chart 1. The results of the spin tests are presented on

. charts 2 to 9. The model data ere presented in terms of

full-gcale values for the alrplane at a test altitude

of 10, feet. Both right and left erect. spins were
tested for the normal loading, clean condition, and showed
that the model wag slightly asymmetrilic in that splns to
the pllot's right were flatter and had more rapid rates

of rotation, somewhat slower recoverliea, and less tendency
to nose down rapldly into e dive after the spln rotation
stopped than spins to the pilot's left for corresponding
control configurations. The remalnder of the tests wlth
the model eérect were, therefore, performed with spins to
the pilot's right-in order to obtaln conservatlve results.
The tests with the model inverted were performed with
spins to both the pi1ot'a right and left. .

" Clean Conﬁition

Normal loading.~ The test results for erect spina of
the model 1n the clean condition to both the pllot's
right and left are -presented on chart 2. Thls condition
1s represented by loading 1 on table III and point 1 on
figure 7. The results show the same general effect of
control deflectlons for both directlions of spin. The

" dlscusslion 1s arbitrarily based on the slightly conserva-

tive results obtalned from splns to the pilot's right.
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, The spins werb geherally f£lat with osclillations of
rather ‘large magriitude in both pitch gpd roll for all
alleron deflections whenn the stlick was back or reutral
longltudinally, the spins wilth allercens deflected ageinst
the spin (stick left in a right.spin) being violently
oscillatory. - A portion of a motion-pictiide record of a
typicel oscillaetory spin with the stlick back 1s shown in
figure 8. Although rapid full rudder reversal satls-
factorily stopped the rotatlon for all spins, the model
always remained horlzontsl thereefter indlcating nearly
vertical descent at an extremely flat attitude.

The spins with the stick full forward or free longi-
tudinally (the stick floated st or neer the full forward
stop) and the allerons neutral or with the svin were
generally similar to those obtained when the stick was
neutral or back longitudinally. When the rudders were
reversed with the stick forward or free longitudlnally,
however, the model stopned rotsting and .nosed down into a
stesp dive elther lmmedlately thereafter or after s short
glide at a flat attitude.

When the model was launched In the tunnel with the
allerons against the spin and the stick free or forward
longitudinally, the emplitude and vliolence of the oscilla-
tions in pitch and.roll progressively Incressed until the
model pitched and/or rolled from an erect to an inverted
attitude. The oscillations and the pitching and/or
rolling from erect to iInverted and from inverted to erect
attitudes continused until the model hit the safety net.

A portion of a motlon-plicture record of e typlcal motion
of the model after launchling Ilnto the tummel with allerons
deflected against the spln end the stick free or forward
longitudinelly is shown in figure 9. It was noted from
the motlon-plicture records of the tests that high accel~
eretions were frequently encountared during these violent
oscillations., . Inasmuch as a simllar motlon of the alrplane
would be confusing to the pllot ss well as severe enough
to Injure him or to cause damege to the alrplane structure,
it '1s recommended that allercn-ageinst deflectlons be
avoided on the alrplane.

The results of the erect spin tests were generally
consistent with results of the longltudinsl-trim tests
presented in reference 1l in that when the stick was fixed
et back or neutral longltudinally, the model remalned at
a flst attitude aftar rudder reversal stovpned the rotation
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and that when the stick was forward or fres longitudinally,
the model nosed over into a eteep dive either immediately
after the spln rotation stopped or after ‘a short glide '

""at e Tlat attitude. In this. connection,- recoveries were

occasionally attempted when the model was clos=e 'to the
safety net and the model then glided into the safety net

‘before having had an opportunity to nose down into a dive.

The results of these tests are the apparently inconslstent
results presented on the charts which indicate that the
model did not nose down into a steep dive after rudder
reversal when the stiek was forward or free longltudinally.

"It 18 bellieved, however, that the model would always have

nosed down into a dive after the rotation stopped when the
stick was forward or free longitudinally had sufficient
space been avallable in the tunnel.

Mass varilations.- Test results for erect spins of the
model Iin the clean conditlon with the masa distributlon
increased along the wings {Ix and Iz increased approxi-
mately 60 percent of Ix) and with the mass distribution
decreased alonz the fuselagas (Iy and Iz decreased approxi-
mately 20 percent of Iy) are presented on churt 3. These
coriditions are represented by loadings 2 and 3, respec-
tively, on table ITI and flgure 7. The apin character-
1stlics of the model were not appreclably affected by
elther change 1n mass distribution. The tendency of the
model to dive immedlately after reversal cf the rudders
stopped the spin rotation, however, was increased when
the mass dlstribution was decreased alona the furelage
and the stick was forward oir free longitudinally. The
increused rarpidity with which the modcl nosed down after
rudder reversal stopped the spin rotation vien mass was
retracted along the fuselage may be attrivuted to the
reduced inertia moment that 1t was necessary for the aero-
dynamic pltching moment to overcome hefore the model went
into a dive.

Center-of-gravity varlations.~ The effects of varie-
tlons 1n the center-oI-gravlty location for erect spins
in the clean conditlion are shown on chart 4. When the
stick was forward or free longitudinaliy, -moving the center
of gravity forward 7 percent of the meari asrodynamic chord
from the normal location (loading 4 on table III and
poilnt 4 on fig. 7)' increased the rapldity with which the-
model nosed down into a dlve after rudder resversal stopped
the spln rotation; whereas, moving the center of gravity
rearward approximately 8 percent of the mean asrodynamic
chord from the normal location (loading 5 on table III
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and point 5 on fig. 7) decreased the .tendency of the
model to dive. These results are generally consistent
with the results of the 1ongitudinal-trim teats presented
in reference 1. , ,

. Extensions of the wing—tip trimmers linked with the.
controls.- Charts 5 and 6 show the effects of linking the
extensions of the wing-tip trimmers with the elevator, .
rudders, or aillerons for erect splins of the .model In the
clean condition, normal loading. Both the magnltude and
the vliolence of the osclllations 1n. pltch ancd roll were
increased somewhat when the extensions of ‘the wing-tip~
trimrers were linked with the elevator. ¥Yhen the stick
wag full forward, however, the model nosed down into a dive
mnhre raplidly efter the spln rotation stopped than when the
extenslons of the wing-tlp trimmers were. maintained at
neutral, .

Linking the extensions of the wing-tip trlimmers with
. the rudders decreased the tendency of the model to spin,
but alsa decreased the tendency of the model to nose down
when the stick was forward or free longitudinally.

The spin.characteristlics of the model were not
appreclably affected when the extenslons of the wing-
tlp trimmers were linked wlth the allerons, but when the
sticl: was forward or free longitudinally, the model would
not nose down after the spln rotation had been stopped.

An analysis of the resulta of the tests with the
extenslons of the wing-tlp trimmers linked with the controls
indicated that the increased diving tendency obtained for
stick-forward positlons when the extensions were linked’
with the elevator can be attributed to the negative
pltching moment contributed by the extensions of the wing-
tip trirmmers in the down position. Simlilarly, the analysls
indlcated that the reductlion in diving tendency obtained
when the extensions of the wing-tip trimmers were linked
to either the rudders or the allerons can e attributed
to a rositive pitching moment produced by the differental
deflections of the extenslons.

Recommended recovery techn<%_§ from arect spins.- The
standard teclnlique for recovery from erect s-ins conslsts
of reversal of the rudders followed approx*nately 1/2 tura
later by movement of the sticlk forward (reference hs.
Allerons are maintained at neutral. Inasmuch as the XP-55
alrplane wlll not nose down into a dive until the stick 1s
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moved nearly full forward, the altitude lost during the
spin recovery will be unnecessarily increased 1f the
standard recovery technique is employed. In order to
increase the rapidity of the nosing down of the airplane
-and thereby decreese the altitude lost during recovsery,

it is strorigly recommended thet .the stick be moved full
forward or released longlitudinally (to permit it to move
forward towards the stop) sinultanseously wilth reversal of
the rudders. In addition, the pillot should take precsutilon
to prevent a movement of the sellerons in a directlien
agalnst the spin in order to avold the violent oscillations
assoclateé with alleron-ageinst deflections.

Inverted sping.- The results of inverted spin tests
for the clean condltlon, normal 1oadinr, are presented
on chart 7. The model was slightly asymmetrical for
these tests but, as for the erect spins, the. same general
effecte of control settings were observed for both spin
directions. It ls to be noted that the order used for
plotting the data for the inverted spins is different from
thet ured for the erect spins. For inverted spins,
"econtrols croessed" (right rudder pedal forward and stick
to left for spinsto pilot's ripkt) for the developed
spin 1s glven to the right of the chart and stick back 1s
at the bottom. When the controls are crossed 1n the
established inverted =spln, tre allerons aid the rolling
motion; when contrcls are togsther, the allersns oppose
the rolling motion. The angle of wine tilt on the chart
1s glver as up or cown relative to the ground.

The Inverted spins were flat and osclllatory as were
the ereet spins. The magnitude of the oscillations in
both pltch sné roll, however, was génerally greater than
that for the erect spilns. Rapld full rudder reversal
satlsfactorily stopped the spin rotation for all control
conflgurations, but the model remained at a flat attlinde
thereafter when the stick was forward or neutral longi-
tudinally. When, however, the stick was back or free
(the stick floated at or near the full back stop)
longltudinally, the model nosed over into a steep dlve
immedlately after rudder reversal etopped the spin
rotation.

The motion of the model when the controls were
together was simlilar to the motion previously described
for erect spins with the allerons against the spin.- For
the reasons previously noted for erect alleron-agalnst
spins, it 18 recommended that developed inverted spins
with controls tomether be avoided on the alrplane.
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‘'The results of the iﬁverted-spin tests also were
generally consistent with the results of the longitudinale
trim tests presented in reference 1.

Recommended recovery tecunique Ifrom inverted spins.-
In order to avold undue loss of altitude durlng recovery,
1t 1s recommended that the =tlck be moved full back or
released longltudinally similtaneously with reversal of
the rudders when recovery 1s being attempted from an
inverted spln.

Landing Condition

Test results for ersct s»pins with the model 'in the
landing condlition and with flaps alone and landlng gear
alone extended are presented on charts 8 and 9. A
comparison of the results presented on chart 8 for the
landing condition and for the clean condltion shows that
the =pins in the 1anding condition were generally similar
to the spine In the clean condition when the stlck was
full forward, neutral, or full back. When the stick was
free, the spins in the landing condition were somewhat
steeper than spins in the clean coniition. Ths model
etopped rotating shortly after the rudders were reversed
fully and raplidly for all control conflgurations. When
the stick was forward or free longitudinally, the model
nosed down Into a dive more rapidly after the spin rotatlon
stopped for the landing condltlon, or when landling gear
alone was extended, than for the clean concition.

The increase in rapldlity in nosing down when the flaps
and landing gear were extended may e explained on the
basis of an increased negative ritching moment. The
results of these tests are in general agreement with the
results of the longltudinal-trim tests preszented in
reference 1.

Recommended recovery technique from spins Iin the
landing concltion.- The techniquse previously recommended
or recovery rrom srect snins in the clean ccndition
should ne followed when attempting recovery from splna
in the landing condition. The flaps and landlng gear
should be retracted as soon as the glrplane begins to
dive
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Control Forces

Theé ‘discussion of the results of the spin tests. has
been based on control effectiveness alone without regard
to the forces required to move the controls. TIor all

.. teasts, sufficlent force was applied to ths rudders to

reverse them fully and rapidly. The pilot must supply
sufficient force to the ruddér pedal to move the rudders
in a"similar menner in order for the model ‘and alrplane
results to be similar. Although the force required to

. fully reverse the rudders. on the model during the spin

was not medsured, it 1s believed that,becguse of the low
rate of rotation in the spin and the high anglé of attack

of the airplane, the pllot will encounter liftle difficulty

in rapidly. reversing the rudders on the airplans.

THe elevator on the alrplane will float at or near

.the full-up (with resvect to the ground) stop when the

airplene 1s in a spin, and on the baslis of information
furnished by the manufacturer, 1t anpears that the pillot
wlll be unable to move the elevator from this position.
Inasmuch as this 18 the elevator position that the model
tests have shown to .be conducive to rapld nosing down
after rudder reversal stops the splin rotation, however,
it will not be nscessary for the pllot to move the
elevator from thls position for spln recovery.

CONCLUSIONS AND RECOMLIZITDATIONS

Besed on the results of spin tests of a 0.059-scale
model of the XP-55 alrplane, the following conclusions
and recommendatlons ars made regarding the spin and
recovery characteristics of the airplane at an altitude
of 10.000 feet. The conclusions apply specifically to
the XP-55 alrplane modified to improve longitudinal-
trim characteristlcs by the lnstallation of a large
elevator with deflectlons of 160° and installation of
large wing tlps with extenslions of the wing-tip trlimmers
as recommended by the NACA.

. The spins for all control configurations and
loadings will be flat and oscillatory. The spln rotation
will stop shortly after rapid full reversal of the rudders
for all control confilgurations.
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2. 8pins wlth allerons deflected agalnst the spin
wlll be violently oscillatory and should be avolded on
the airplane. ) )

3« When the stick is neutral longitudinally or-
back, the alrplane wlll remain at a flat erect attitude
after the rotation stops. The alrplane will nose down
Into a steep dlve after the rotation stops, however; when
the stick is forward or free longltudinally.

4, lioving the center of gravity forward, decreasing
the masz dlstribution along the fuselage, deflecting the
flaps and extending the landing gear, or linking the
extensions of the wing-tip trimmers wlth the elevator:
will increase the rapidity with which the airplane noses
down lnto a dive after the spin rotation stops.

5. Moving the center of gravity rearward or linking
the extensions of the wing-tlp trimmers with the rudders
or allerons willl decrease the tendency of the alrplane to
dive after the srln rotatlon. stops.

6. The recommended .recovery technique from erect

- spins 1s rapid full reversal of the rudders accompanied
by elther full forward movement or release longitudinally
of the stick.

7. The recommended recovery technique from inverted
splns 1s rapid full reversal of the rudders accompanied
by full rearward movement or relsase longitudinally of
the stick,

Langley Memorial Asronautical Laboratory
Natlonal Advisory Commlttee for Aeronautics
Langley Field, Va.




MR No. I5G3lae 17
REFERENCES

1. MacDougeall, George F., Jr., and Schneiter, Leslle E.:
Longitudinal-Trim Tests of a 0.059-Scale NModel of

tgﬁ Curtiss-Wright XP-55 Airplene. NACA MR No. L5G31,
1645. .

2. Zimmermen, C. H.: Preliminary Tests in the N.A.C.A.
: Free-Spinning Wind Tummel. NACA Rep. No. 557, 1936.

3. 3eldman, Oscar, and Nelhouse, A. I.: Comparison of
" Free-Spinning Wind-Turmel Results with Corresponding
Full-Scale Spin Results. NACA ¥R, Dec. 7, 1938.

;. McAvoy, W. H.s Piloting Technigue for Recovery from
Spins. NACA TN No. 555, 193%06.



TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE CURTISS-WRIGHT XP-55 AIRPLANE

Length over all, ft .
Propeller diameter, ft

Wings: . ¢« ¢« ¢« ¢ & ¢ o o o o o @ o o
Span, £t . . . . c d 0 e s e e e e .
Area, 8@ Ft . . . . ¢ ¢ ¢+ r o s . . .
Sectlon, Yoot . « ¢« ¢ ¢ ¢« ¢« o« ¢ 0 e . s
Section, tip . . . . s e s s e
Root chord incidence, deg e e s e e
Tip chord incidence, deg . . . . . .
Aspect ratlo . . . . . . . . . .
Sweepback at 25 percent chord line, deg .
Dihedral at 25 percent chord 11ne, deg
Taper ratio « « + ¢« ¢ ¢ ¢ ¢ ¢ s o o o o &
Mean aerodynamlc chord 1n . .

Leading edge of M.A.C. rearward of

leading edge of root chord, in. . . . .
Leading edge of root chord rearward
of nose of airplane, ft . . . . . . . .
Allerons:

. With large

« .. . 29.58
. + » « 10.0

wing tips With small wing tips

hl.OZ
. . 213.2
6500-0015
6500-0015
. . Lh.25

ggBST

3

C-W 6500-0015
C-W 6500-0015
ly.25

0.75

7.91

L] L] L] h ] L]

Area rearward of hinge line, percent of wing area (with large wing tips) . . g.l
.10,

Span, percent of wing semispan (with 1arge wing tips)

Chord, percent of wing chord

Flaps: .
le-pe L ] L] L] L ] * L] L ] . L] - . L] L] a 1 ] . L ] L ]
Chord, ft .

Span, percené éf wing semispan (with 1arge wing tips) .

« + « « Split
- L] L] L] 1-11

... . 3172

KATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE I.- DIMENSIONAL CHARACTERISTICS - Concluded

Large horizontal tall surfaces:
Total area, 89 £ . . & ¢ ¢ ¢« 4 ¢ ¢ ¢ @ « o o » ¢« v 4 o o o s u s
Span, ft . . . . . .
Distence from normal center of gravity to elevator hinge line ft
Tab chord, percent elevator chord . . . . ¢ ¢« ¢ ¢ ¢« o &+ ¢« o o + &

Small horizontal tall surface:
Total area, sq@ £t « . &« &« ¢ & & ¢ ¢ 4 ¢« t ¢ 4t e e s s e s e
spm’ ft L ] L] L ] * L] L] L ] [ ] . L ] ] - - L] L] L ] .. - L) L] . [ ] 1 ] a [ ] . L ] L ] [ ]

Vertical tall surfaces:
Total exposed area, sq ft . . . . e+ e s s s e .
Fin area forward of hinge line, sq ft « e s n e e e .
Rudder area rearward of hinge line, sq ft . . . . . . .
Rudder area, percent of exvosed vertical tall area . .
Over-all height, ft . . . . « . . . ¢« v v v v ¢« ¢ ¢« & & . .
Aspect ratio . . . . . « t o .
Distance from normal center of gravity to rudder hinge line £t
Dlistance from rudder hinge line to plane of symetry, ft . .

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

21.52
11.31

15.95
25.00

18.6
.92

27.80
1;.80
13.00
L6 .80

1.57

£:2%
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CONDITIONS OF THE CURTISG-WRIGHT XF-55 'MODEL INVESTICATION IN THE .

TABLE II

20-FO0T FRTEE-SPINFING TUNNEL
] -1- Extenslons of !
No.| Conflguration| ILoading| Type of | Landing Flaps wing-tip Data
(a) spin gear - (deg) trimmers on
- (v) chart
1 Clean Normal Erect | Retractsd 0 Neutral 2
2 | ~e=eendom~==- A ~==30=== | ~==~=do==~= 0 | ==e==- dom==== 3
S | memena dom===- B ~==d0mem | «===do=-= C | ====-- do=~==~ 3
4 | wemmea dos=ve= c ~-=d0=== | ==-=do==~~ 0 ]| w=m==- Com==e= 4
] & | =mmm—- do=====- D ~==d0=== | m===do-=-- 0 ce———— do===== 4
1 6 |--==-- do===~=-| Normal | ==-d0~== | ====d0=~~=~ 0] B ]
T | meme—- do==m== | «=d0==~ | ===do==- | ===-=-do=-~~ 0 F 6
8 | mewe=e do===w- ~=d0=~ | ~==d0--= | ~m==do-~-= 0 a 6
9 | ==m——- GO===w== -=do-~- | Inverted | ====-do=-= 0 Neutral 7
10 Landing: .- | ~~do~= Erect Extended | 45 down| -====- domwme== 8
11 Flap down ==30== | ~--do--- | Retracted | 45 dowWn| —=w-=- do=~==- 9
12 | Landing gear | --do-- | ---do---| Extended 0 | ==eme—a do=m=== 9
H extended
a. Loading: .
A. Ix and I7 Ilncreased by 60 percent of Iy.
B. Iy and I~ decreased by 20 percent of Iv.
C. Center of gravlity 7 percent of mean aerodynamic chord forward
of normal.
D. Center of gravity 8 percent of mean aerodynamic chord rearward

of normal.

b. Extenslons of wing-tip trimmers:
™. lLinked with the ailerons.
G. ILinked with the rudders.
E. Linked wlth the elevator.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE III, = MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR THE LOADING3 TESTED ON THE CURTISS-WRIGHT XP=-55 MODEL

[lodel velues are présented in terms of full-scsle values; moments of inertia sre about center of grlvity:]

Center-of-gravit
1o at%on J

Momenta of inertia Mass parameters M /_(
Weight 1
Loadin ( ounglcia) - Tx ! H Iz Iy=-1 Iy=1I I, -1

Number g p /3 2/3 (Sluge (Slug= (Slug= |-X 04 Y 2 2 X (Sea (10,000
teet?) feet?) teot?) | mp? mb® ub® level) feet)

1 Normel 7717 | 0.118 | -0.018 4120 | 10,896 | 14,712 k168 x107*l05 x 10°4265 x10~% 11.52 | 1s.61

Ix and Iz inoreased 60 per- -4 -
2 X ont of Iy pe 7906 0,089 | =0.008 6639 11,916 | 18,476 |28 x10 159 x 109287 x104 11.80 15.99
d I, decreased 20 per- - -4

3 Ty end Iy I P 7851 | 0.109 | -0.008 5657 8851 | 14,270 |75 x 10”157 x w0 z10 x 207 11072 | 1s.88
s Center of r;;i:ing°:;dm.A.a 7811 | 0.048 | -0,012 5063 | 12,672 | 17,718 HBsx 10" [-124 x 10%510 x 1074 11.66 | 15.80
5 Oe e O e o Noa o] 7835 | 0.202 | -0.016 4542 9860 | 14,255 |[-250x107%|-107 x104237 x 1074 1170 | 15.84

NATIONAL ADVISORY
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TABLE IV, =~ MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR VARIOUS LOADINGS POSSIBLE ON THE CURTISS-WBIGHT XP=-55 AIRFLANE

El[oments of inertia are about center of gravltyj

Center=of-gravity Moments of inertia Ms.as parameters M A
Welght Ix Iy Iz Iv = T -1, |1 (Sea (10,000
Numbex Loading (pounds) x/3 2/3 (slug5 (slug. (Slug= x= 'y i1y 217' z "21’( level) | fest)
feet”) feet? ) feetz) mb2 mb mb .
6 No rmal 717 0.117 <0.019 4300 11,515 | 15,095 {170 x10°%-89 x 104|268 x 104 11.52 | 15.61
7 Maximum increase in 8424 0,123 20,024 5707 1,722 | 16,235 R137 x 10'4[-103 x10"4240x 1074 12,58 | 17.04
Iy and Iy possible
Maximum increage in - - .
8 1y and I, possible 8582 0,118 -0,021 5702 11,827 | 16,471 |37 x 10”4105 x10"%e40 x 1074| 12,81 | 17.35
Maximum decrease in -4 -4 4
8 Iy and Iz poasible 6378 0,316 -0,006 4269 8449 12,027 |-125x 10 "}107 x10 (232 x 107 9.52 12,90
Hannum 1nc ease 1n Ix| -4 4 _— )
10 o 7085 0.303 0,041 5620 8632 13,285 |[-81x10 kl% x 107707 x 10 10.58 14,33
Eecre sgb n ly an
11 Most forward center— -4 al -4
or-gi'%gity loocation| 7732 0,105 -0,018 4208 11,531 15,141 [-179 x10 |-89 x 10 |268 x 10 11,54 | 15.64
possible
) Most rearward center -l -4 4
12 of—grg{ity location| 6519 0,321 ~0,010 4257 8479 12,081 |-124 x 10 106 x10 {230 x 10~ 9474 13.18
possible

NATIONAL ADVISORY
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CHART l.- KEY AND FOOTNOTES FOR CHARTS ON SPIN CHARACTERISTICS OF XP~55 MODEL

KEY

o /]

{deg) (deg)
Y n
(fps} (rps)

Turns for
recovery

Pathof fuselage
reference line
after rotation
stops

Model values converted to corresponding full-scale values
U Inner wing up
D Inner wing down

—» Model glided forward at a flat attitude for a short
distance before hitting safety net.

—= Model glided forward at a flat attitude for an
appreciable distance before hitting safety net.

'—} Model glided forward at e flat attitude for a short
distance and then nosed down into a steep dive.

‘ Model nosed down into a steep dive immediately after
the spin rotation stopped.

FOOTNOTES

80gcillatory spin; range of values or average value given.
bVialently oscillatory in pitch and roll.

SAmplitude and violence of oscillations in pitech and roll
progressively increased until model pltched and/or rolled
inverted. The oscillations and the pitching and/or roll-
ing erect-inverted, etc., continued until the model hit
the safety net. N

d7o0 oseillatory in pitch and roll to test completely.

©Model yawed in & circle of extremely large radius at a large
angle of attack. Rotational velocity was low.

fRecovered in a wide spiral glide.

€Wandering spin.

hSLeady ogcillation in pitch., Model appeared to gallop.
iModel went into an inverted spin after a short vertical dive.

JHigh rate of descent. Model executed one violent oscillation
in pitch per turn of spin.

Koo wandering to test completely.

Myery steep, smooth spin with too wide a radius of spin to test
completely.

0pjtched into an inverted flat attitude after short vertical
dive.

PUisuel eatimate. NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



CHART 2.- EFFECT OF CONTROLS ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL

‘ON YW

Elormal loading; cockpit closed: landing gear retracted; flaps neutral; extensions of wing-tip trimmers at 0°; recovery by rapid full rudder reversal
(recovery attempted from, and steady-spin data presented for, rudder-full-with spine); erect spins; direction of spin as indicat.ed]
Spins to pilot's right. Spins to pilot's left
(Loading 1 or. table III and point 1 on figure 7} {Loading 1 on table III and point 1 on figure 7)
b a a a, b a a
90 { 6U 74 120 88 18U 82 iou 66 su 73 12U
741 8D 18D 62 19D 54 6D 54 12D 62 12D
182) .19 182] .19 171 ] .20 179 1711 .13 171] .15
3 L 1 . 1 11
. z ! z 2 T % T a
%’ — —_— — — —_ — —— e
3 -5-—0;: ﬁ-—!ﬁ
T Two conditions possible b a8 pe} X
—~a,b c a " Sale a, b a e a
o
S| 95 U 91 22U 94 2u 86 13U 97 119U
: 59 17D Ailerons 71 5D 55 69 15D 64 24D
2 full Ailerons full ALl full Al
o erons fu erons full
at182 | .15( No lspin| sgatngt | 171{ .21 wlth 1711 .13 171 }.11 against 171 o112 with 161 §.09
X
o
be 1 (Stick left,) (Stick right) L 1 (Stick right)| 1L 1 (Stick left)| L -~ 1
a P ! g z B il ey el 7
:; - — —_ — - — — =
& o
E 35%3 '9'::‘::5.E Twi diti 1bl
o conditione possible
o c a ;“u > a e e l‘,';u (S a 4
‘5 76 (19U 97 6U 74 [10U
; 58 (12D 66 18D 61 7D
L4
a
2 No [spin 174 |.26 171 .21 No |spin No |spin 71 ] .16 Spin
1 1 Py
l 14 L1l . L, 1
Two conditions possible
C a a C c a . C
73 | 180 83 |10U 79 | 11U
: 62 7D 57 |15D 52 | 21D
I
" No |spin 171 .20 166,21 No |spin No (8pin 185].16 No (spin
(=]
2 1 1 1
o =, == 14 &
E 2’ 4 2 4
P - l l -
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CHART 3.- EFFECT OF MASS DISTRIBUTION ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL

E.oading as indicated; cockplt closed; landing gear retracted; flaps neutral; extensions of wing-tip trimmers at O°; recovery by rapid full rudder reversal
{recovery attempted from, and steady-spin data presented for, rudder-full-with spins!; right erect splns]

Mass extended along wings Mass retracted along fuselage
(Ix and Iz increased by 60 percent of Iy, loading 2 on table III and (Iy and Iy decreased by 20 percent of Iy, loading 3 on table III and
point 2 on figure 7} point 3 on figure 7}
e a a,b
71 2D 89 50U 87 38U 73 20D
58 33D 55 25D 30 |38D 60 41D
o No | spin No | spin 190 | .17 190 | .23 179 | .20 174 | .19
]
e 1 1 3 1 L
5 2" 2 4 2 2
5 - —— — — —
8 8a%
3 el
- 258
2 a,b o] a,b
e Allerons full| g2 | 58yu | Ailerons full 96 56U
- against 72 175D with 60 67D
0
E {stick left) 182 | .09 {(Stick right! 183 | .17
] L 1
o 2 2
o
X —_— —
~
o ]
o Two conditions possible --c"=' ‘5 ; Two conditions possible
E { a f o=z a a [ a,h e, h
A 74 | 10U 280 || 75 | 1ou 77 |22y 77 | sau
L 41 11D 70 | 25D 47 | 17D 56 |31D 60 |.-20D
No ¢spinj| 182 | .11 No |[spin 182 |.16 || 177 |.15 No |epin 177 1.23 174 1.25
3 1 1
T T 3 ry
Two conditions possible
f a f a, g c, i a, h J
68 16U 78 } 170 72 | 130
H 52 9D 58 | 25D 57 7D
t
~
- No |spin 182 | .18 No |aspin 185 | .18 No |spin 179 | .24 Spin
o
a
3 1 f2, Tl 1
2 2 2
%]
} ¢

NATIONAL ADVISORY
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CHART 4.- EFFECT OF CENTER-OF-GRAVITY LOCATION ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL

E!enter-or—gravit.y location as indicated; cockpit closed; landing gear retracted; flaps neutral; extensions of wing-tlp trimmers at 0°; recovery by rapid
full rudder reversal (recovery attempted from, and steady-spin data presented for, rudder-full-with epins); right erect splna]

CONFIDENTIAL
Center of gravity 7 percent of M.A.C. forward of normal Center of gravity 8 percent of M.A.C. rearward of normal
(Loading 4 on Table II1 and point 4 on figure 7) {Loading 5 on Table III and point 5‘on figure 7)
J 24 a - b a a
73 21U 75 | 30U 95 61U 98 | 38D 90 } 24U
21 |18D 63 12D 47 48D 68 | 48D 65 44D
No |spin 174 .13 177 .20 1931 .16 182( .18 1794 .16
1 L 2 L 3
] 4 2! 4 2 ! 4
E - -~ — —— —_— -
3 clak:
[~ —'5
Eal "’&.D
o c a 0w a, b e a
3
» 85 50U 81 350 98
5 48 | 42D 65 | 64D 79
2 Allerons full X Allerons full
™ No |spin against 171 | .20 with . 185 |.17 No spin 182 13
3 (Stick left) (Stick right)
» 1
) = 1 1
- 2
< — — —_—
'g R
AN . . :
j Asoa Two conditions possible Two conditions possgible
Qe x
e [4 a hd a b, . c a k 1
10
3 49 | 8y 84 |[19u 93 | 42U 102 | 39U
[ 39 | 5D 55 | 14D 64 | 47D 61 | 44D
@
=l No {spin 2031 .19 177 | .22 |[Spin No |spin 185 | .22 {|'Spin 71 | .16
11 1.1 3 i
[ 12912 4 2
K R — - —
Two conditions possible Two conditions possible Two conditions possible
a c 8 a a, a c e e
o 57 22U 73 | 11V 52 | 1U 76 o] 44 130
o 43 Q 50 7p || 37 [ 15D 43 | 14D 6D
2]
g 204 | .18 No | epin 177 | .22 ||206 | .21 182 | .20 ||208 [.17 No | spin No | spin No |[spin
o
]
1
2 1 1 1=
5 4
{ } '
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CHART 5.- EFFECT OF LINKING THE EXTENSIONS OF THE WING-TIP TRIMMERS WITH THE ELEVATOR ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL -

[Normal loading; cockpit closed; landing gear retracted; flaps neutral; extensions of wing-tip trimmers as indicated; recovery by rapid tuil rudder
reversal {recovery attempted from, and steady-spin data presented for, rudder-full-with spins); rlght erect spins] .

Extensions of wing-tip trimmers linked with the elevator. Extensions of wing~tip trimmers fixed at neutral
2 to 1 deflection ratio between the elevator and the extensions.
Trailing edge of extensions are up when trailing edge of elevator is

c a down| b ) 3
92 | 44U 90 [ 74 12U 88 )18U
54 | 47D 74 8D 18D 62 | 19D
No |spih No |spin 189 | .21 182 | .19 182 | .19 171 | .20
1 3 1
'7 2 ! 3
- —— —ii —— i
: 3
ot Sy
g 53
el pe] Two conditions possible
c:, @ a, b J a
e} Allerons full Ailerons full 95 | 9U 91 |[z22u
a against with 59 | 17D 71 5D
o
o (Stick left) (Stick right}
" ek te ick righ 182 | .15 || No |spin 1 |21 171 | .13
o
-
pe] 1 1
") 2 1 2
o
< — — -
- 0
o ~
s £
. 55
3 3&
g e ) @ 2, g, h ¢ a a
et 87 { 31U 92 | 23y 76 | 19U 97 U
= 60 3U 53 | 22D 58 12D €6 18D
No ppin 174 | .18 1711 .18 No |[spin 174 | .26 171 | .21
1 1 3
1, 1+ =, = 141 1, 13
213 R 4 2
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CHART 6.~ EFFECT OF LINKING THE EXTENSIONS OF THE WING-TIP TRIMMERS WITH THE AILERONS AND WITH THE RUDDERS

ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL

[Normal loading; cockpit closed; landing gear retracted; flaps neutral; extensions of wing-tip trimmers linked as indicated: recovery by rapid full
rudder reversal (recovery attempted from, and steady-spin data presented for, rudder-full-with splns); right erect spins}

Extensions of wing~tip trimmers linked with the ailerons, 1 to 1 de-
flection ratio between the allerons and the extenslons.
c a, b
94 | 29U
63 | 31D
No |spin 171 .17
1
2
—
H
3 833
o -33
- %]
o
g
-l
I
3
2 Allerons full Allerons full
- against with
° -
& (Stick left) {Stick right)
Gl
-l
-
e ]
e o141
L :,‘P:”[:‘: Two conditions possible
9 e nHws a, b d
b 78 |1100
~ 59 (24D
i
o
E No [spin 174(.18 Spin
v
-
[ 1
1 —
a, b
71 | 2U
o 56 | 16D
t
-
" No |spin 1747 .17
3
> 1 , 1
o 4 2
~
=) —_- —

Extensirons of wing-tip trimmers linked with the rudders, 1 to 1 de-
flection ratio tetween the rudders and the extenslons. Right extension

ise up when rudders are right.

g a
G5 [12u
11D
No |[spin No [spin 182 | +12
X
4 .
—
4, p a
81 1u 88 | 38U
71 43D 60 | 13D
171 | .08 189 | .12
1 1
4 e
— —_—
e e e
o spin No spin Ne |spin
Two conditions possible
e e a, b e
74 |2u
41 | 14D
No |[spin No {spin 198 | .16 No |spin
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CHART 7.- INVERTED SPIN CHARACTERISTICS OF THE XP-55 MODEL

[Normal loading; cockplt closed; landing gear retracted; flaps neutral; extensions of the wing-tip trimmers at 0°%; recovery by rapid full rudder reversa.
(recovery attempted from, and steady-spin data presented for, rudder-full-with spins); direction of spin as indicated; inverted spina]

Spins to pllot's right
{Right rudder pedal forward for steady spin.
pedal moved forward for recovery)

Left rudder

Spins to pllot's left
(Left rudder pedal forward for steady spin. Right rudder
pedal moved forward for recovery) .

c a
75 | 150 A 63 64
58 | 11D b
§
No |spin 176 | .17 L 174 | .15
=l
oL - 1
9 4’ 2 3 2
M - — ~ -
Q x
- Q
o -
> -
- n
e &8 b a a
[+]
2 | 111]| 28U ] stick full 85 | 16U Stick full 86 | 12U
- 74 | 40D right 66 29D left 64 6D
"é -
« 166 | .18 169 | .10 171 .13
Q
S L 1 L o] L
C 4 2 2 8 2
; — — - E— ]
o =
Q ~
E3
- X
“ ¢ c v ¢
W -
=] w0
@
> |
@
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CHART 8.- EFFECT OF FLAPS AND LANDING GEAR ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL

e

Bormal loading; cockpit closed; landing gear and flaps as indicated; extensions of wing-tip trimmers at 0°; recovery by rapid full rudder reversal
(recovery attempted from, and steady-spin data preeented for, rudder-full-with spins); right erect splnl]

Elevator free

Landing condition (Flaps down 450, landing gear extended)
Two conditions possible

Allerons full
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No

spin

—+———Elevator fixed at stick position indlcated —_—
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Clean condition (Flaps neutral, landing gear retrscteﬁ)
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CHART 9.~ EFFECT OF FLAPS AND LANDING GEAR ON THE SPIN CHARACTERISTICS OF THE XP-55- MODEL

Eormal loading; cockplt closed; landing gear and flaps as indlcated; extensions of wing-ilp trimmers at 0°; recovery by rapid full rudder reversal

{recovery attempted from, and steady-spin data presented for,

rudder-full-with spins); right erect apini]

~a———FElevator fixed at stick poslition indicated — o=

Elevator free

Flaps down 45°, landing gear retracted

Flaps neutral, landing gear extended

!

Three conditjons possible
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ERUDDER MHINGE

/763"

Figure 1.- Drawing of the 0.059-scale model of the Curtiss-
Wright XP-55 airplane as tested in the free-spinning
tunnel. Wing root incidence, 4.25°%, leading edge up.

Tip chord_ incidence, 0.75°, leading edge up. Center-of-
gravity location shown is for the normal loading with
the landing gear retracted. Large elevator and large
wing tips with extensions of wing-tip trimmers installed.
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Figure 2.~ Leading-edge wing-root spoilers removed for tests of the
0.059-scale model of the XP-55 airplane in the 20-foot free-
spinning "tunnel.
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Figure 3.~ Comparison of the alternate elevator tested on the 0.059-scale model of the
XP-55 airplane in the 20-foot free-spinning tunnel with the original elevator.
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Figure 4.~ Comparison of the alternate wing tips tested on the 0.059~scale model of the
XP-55 airplane in the 20-foot free-spinning tunnel with the original wing tips.

*ON dRW

BIZDGT



PN

Hinge line For
7rimme r

Figure 5.~ Extension of the wing-tip trimmers tested on
the 0.059~scale model of the XP-55 airplane in the
20-foot free~spinning tunnel.
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MR No. L5G3la

Figure 6.~ The 0.059-scale model of the XP-55 airplane as
tested in the 20-foot free-spinning tunnel in the clean
and landing conditions.
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Figure 7.-Inertia parometers for loadings possible
or the XP-85 orrplone and for the loodings
rested on rthe XA-89 mode/ .(Numbers
refer 1o leodings 1isted i1n tobles TIT ond I7 ).
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Figure 8.- Typical spin of the 0.059-scale model of
the XP-55 airplane. Camera speed: 64 frames per

second.
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Figure 9.- Typical motion of the 0.059-scale model of
the XP-55 airplare with ailerons full against the
spin, rudders full with the spin, and the stick
forward or free longitudinally. Camera speed: 64
frames per second.
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